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Abstract: Heat pipe bioreactor（HPBR）is exploited by using high performance heat transfer element-heat pipe, 
flow profile of the reactor is also measured by Particle Image Velocimetry (PIV). The typical flow profile in the 
agitated reactor is measured successfully and originally by PIV technology, which will not only provide mature 
experiment measuring technique of flow profile for agitated reactor, but also provide the quantitative-full realization, 
analysis and simulation of momentum transfer process in HPBR with the basic experiment data. The degree of 
mixture is strengthened with speed of agitator’s enhancing, compared to the velocity and the vorticity in the laminar 
flow state, the velocity in lower onflow state (mix-rotate is 200r/min) is geminately enhanced, its value is improved 
by 360% ,the vorticity is also enhanced by 140%. 
2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1.  Introduction 
Particle imaging velocimetry (PIV) technique does not interfere with flow, and has fast dynamic 
response. It can measure the instantaneous speed, and is suitable for a wide range of flow (steady flow, 
unsteady flow, low speed flow, high speed flow, multiphase flow, etc.). It is popular reactor flow testing 
technology in the recent years [1, 2]. Combining PIV flow measurement with CFD technology has been 
proved to be a feasible, effective method. Flow field measured by PIV can be used to establish boundary 
conditions of the CFD mathematical model and validate the model of simulation results, It make the 
reliable quantitative analysis of heat pipe bioreactor fluid momentum transfer, heat transfer and micro 
* Corresponding author. Tel.:+015298605182;  
E-mail address: gladxushu@163.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
3940  Shu Xu / Procedia Engineering 29 (2012) 3939 – 3943
Shu Xu/ Procedia Engineering 00 (2011) 000–000 
mixing possible, PIV and CFD combined method is used to design reactor in engineering circles. It 
opened up a new way for situation of reactor scale-up design only in experiences [3 ~ 6]. 
In this paper, PIV technique is used in this experiment to measure velocity distribution and flow 
parameters of the heat pipe bioreactor at low Reynolds numbers. 
2 . Device and method of flow field in heat pipe bioreactor 
2.1 PIV test system of heat pipe bioreactor 
The experiment in Fig.1 is set up by assembly diagram of flow field in heat pipe bioreactor using PIV 
measurement .Heat pipe bioreactor (HPBR) of the experimental device is homemade. Measurement and 
analysis of flow field is by the synchronizer control laser, Charge Couple Device (CCD) camera and the 
computer; the follow-up operation is controlled by the feedback information to the synchronizer from 
computer. 
Calculation, analysis and control of PIV are based on the Windows NT Insight 3.3 software using 
PIII800 processor, which can be achieved 1000 vector / s processing speed in the inquired about area. The 
software has the function of batch processing and forms a strong post processing functions matching 
Tecplot software, including calculation and display of verification of data, flow characteristics, and 
statistical analysis the multiple vectors in the image. 
Fig 1 Chart of HPBR experimental installation applying PIV 
2.2 Experimental Method and Operating Condition 
2.2.1 PIV system parameters 
Parameters of PIV system in this experiment are selected as follows: the laser pulse in the time 
interval is between 200s, laser pulse delay time being 248s, inquired about the region being 32 pixels (a 
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pixel has the ability to distinguish grid). To be optimal, these parameters will be adjusted to the course of 
the experiment. 
2.2.2 Tracer particles 
 8-12 m alumina has been taken as tracer particles in the experiment [7]. 
2.2.3 Operating conditions: 
（1）Fluid medium: In general, bacterial or yeast fermentation liquid has low viscosity, good fluidity, 
this experiment selected water as a typical non-Newtonian fluid medium. Water is a transparent medium 
satisfying PIV test requirements. 
   （2）Stirring speed: The HPBR stirring speed is 400R / min (Re =20690), the flow of fluid being 
turbulent state (general fermentation condition ) 
   （3）Ventilation: In general, the ratio of ventilator volume per minute (Ug) in stirring type 
bioreactor to the reactor volume is 0 ~ 1 [8 ] . 
   （4）Cross-section of flow field measurement: According to the structure of heat pipe bioreactor, 
the characteristics of fluid flow and conditions of PIV measurement, interval and plane of inner flow field 
measurement interval and plane in reactor are selected .Fluid flow condition in heat pipe bioreactor are 
observed by regulation of different stirring speed and different ventilation .Heat pipe bioreactor can be 
divided into six representative flow areas (see Fig.2). 
A laser beam only irradiates a certain area and a measuring plane cannot be obscured in PIV 
measurement. According to the heat pipe bioreactor tubes and other actual situation on the measured 
cross section divided into four sectors named A, B, C, D, the first plane is divided into four planes, area 
S1A ,S1B, S1C, S1D being measured, the other section is also measured, as shown in Fig.2. 
(5) Longitudinal section of flow field measurement: Similar to the selection method of the cross 
section, the experiment with V1 (heating stirring shaft centre - heat pipe) and V2 (heat pipe, heat pipe) for 
the measurement of PIV two longitudinal. 
3. Experimental results and Discussion 
3.1 Flow field of the impeller region cross section (S1) 
Fig3 shows that fluid of S1A section flow from axia to wall radially and flow from top to bottom 
axially, the basic direction of swirl is positive; the value of velocity and vortex of flow is higher, and their 
average values are: ( 0.583974, 0.0083056 ) m/s and (5.322378,1.3489765) rad/s respectively. It mixes 
very well. The vortex near the impeller flows forward; the values of velocity and vorticity are higher. The 
value of velocity of point (37, 38, 53.3 ) is( 0.986363, 0.078808 ) m/s.The value of vorticity of point 
(30,56,53.3) and point (10,47,53.3) is (14.1212，0.299773)rad/s, and a high degree of mixing is produced. 
Multidirectional vortex is produced far away from the impeller and near the inner wall of the reactor,but a 
large amount is positive; The value of velocity and the vorticity are lower, The values of velocity of point 
( 10, 59, 53.3 ) and ( 72, 23, 53.3 ) are (0.007472,0.032885)m/s,and the spiral direction of point 
(72,46,53.3) is reverse, the vorticity value is (1.17676，0.299773)rad/s.And comparing to laminar flow of 
cross section S1A, the vortex is multi-directional. The velocity average values and the vorticity average 
values are increased 560% and 136% separately. 
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Fig.2 Chart of flow region and chart of cross section’s subarea in HPBR 
Fig 3 Velocity nephogram of fluid and vorticity graph of fluid at S1A cross section     
3.2 Flow field main circulation area of cross section (S3) 
Fig.4 show that fluid of S3A section flows from axis to wall radically and flows from top to bottom 
axially. The fluid surrounding the wall is changed to flow from bottom to top axially,and the basic 
direction of swirl is positive; The values of velocity and vorticity are higher. The average values are 
(0.2354323, 0.070006) m/s and (4.426346, 0.6487665)rad/s respectively, and they mix well. Flow 
direction of fluid near the impeller is positive; the values of velocity and vorticity are higher. The value of 
velocity of point (12, 54, 64) is (0.343283, 0.115209) m/s, the vorticity of point (8, 62, 64) is (4.3674, 
0.025602)rad/s. The vortex far from the impeller and the vortex near the heat pipe and a sampling tube 
are multidirectional.It mainly flow from bottom to top axially. The value of velocity of point (66, 58, 64) 
is (0.035821, 0.11441)m/s.The flow direction of point (50, 72, 64) is reverse. A lower value of vorticity is 
(1.4558, 0.99776)rad/s rad/s. Comparing with laminar flow of cross section S2A, the average values of 
velocity and vortex are increased 450%and 180% respectively. 
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Fig 4 Velocity nephogram of fluid and vorticity graph of fluid at S3A cross section
4. Conclusion 
When the impeller speed is 200r/min, under experimental conditions, Homogeneous Newtonian fluid 
(water) in the reactor is low turbulent flow. Axial flow and radial flow of flow field is more intensive than 
that of laminar, and a large number of vortices are produced. Radial flow fluid is folded to wall of reactor 
and obvious axial flow is formed from bottom to up. Due to enhancement of the fluid flow, reactor, 
boundary layer of the wall is disturbed and destructed, and boundary layer fluid and the main stream is 
mixed strengthen. Flow and vortex of the fluid in section of the impeller region in reactor (S1) are the 
highest, their average values are (0.5043645,0.0643681)m/s and(5.1513665,1.9239197) rad/s respectively; 
the Flow and vortex of the fluid of the main circulation area ( S3 ) section of is low, their average 
respectively for the (0.218881,0.0701058) m/sand(4.350155,0.6487665) rad/s. Compared with laminar 
flow (50r/ min ), stirring speed is high, and reactor fluid flow is enhanced. Flow of fluid is multi-
directional and complex and mixing degree is raised apparently. 
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